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Abstract—6-Amino-5,12- and -5,11-naphthacenequinones react with aniline in the presence of cobalt, copper,
and manganese salts, resulting in replacement of hydrogen ipettiposition with respect to the carbonyl
group by phenylamino group and formation of 11- and 12-phenylamino-6-amino(phenylamino)-5,12- and
-5,11-naphthacenequinones.

Phenylamino group can be introduced into gegi-  reactive unsubstitutedna-naphthacenequinone reacts
position with respect to the carbonyl group of 5,12-[2] with aniline directly to form product of hydrogen
(para) and 5,11-énanaphthacenequinones via nucleo-replacement by phenylamino group [7], 6-phenyl-
philic replacement of halogen [1, 2] or phenoxy groupamino-5,11-naphthacenequinone. We have found that
[3, 4] by aniline residue. Substitution of the hydroxyan analogous reaction can be effected with less reac-
group in 6-hydroxy- and 6,11-dihydroxy-5,12-naph-tive p-naphthacenequinone: Its 6-hydroxy derivative
thacenequinones by aniline in the presence of boritgacts with aniline in the presence of copper acetate,
acid is accompanied by reorganization of thara-  yielding 6-hydoxy-11-phenylamino-5,12-naphtha-
quinoid structure intoanaquinoid with formation cenequinone [8].
of 6-phenylamino- and 6,12-bis(phenylamino)-5,11- The present communication reports on the results of
naphthacenequinones, respectively [2, 5, 6]. Highlpur study on the possibility of direct phenylamination
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I, R = NHBu; IV, R = morpholino;V, R = NHAc.
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Table 1. Melting points and spectral parameters of 6-aminonaphthacenequinone derillatives VI, VI, X, andXI

Electron absorption IR spectrum (KBr),v, cnrt
Comp. o
no. mp, °C spectrum (toluene),
Amax NM (loge) C=0 C=C,om C=C-C=Cyuinoid C-H
I 159-160% 382 sh (3.58) 1656 1620 1288 2960,
395 (3.62) 1580 2928
504 (4.07) 2868
v 242243 391 (3.67) 1672 1610 1272 2968
447 (3.55) 1656 1596 2956
1580 2888
2852
VI 252253 442 (3.80) 1652 1600 1272 3404 (NH)
544 (4.16) 1620 1584 1256
571 sh (4.11)
Vil 255-2562 463 (3.98) 1652 1620 1266
244-246 566 (4.13) 1576
(AcOH) [5] 595 sh (4.08)
X 235.5-236.9 547 (4.29) 1652 1616 1336 3408 (NH)
586 (4.43) 1636 1592
546 (4.33)
585 (4.485
542 (4.28)
580 (4.41§
Xl 314-315P 571 (4.36) 1652 1590 1328
314-315 [8] 611 (4.48) 1576
571 (4.44)
611 (4.575
562 (4.01)
601 (4.13Y

From benzenéhexane.
From chloroforrahexane.
In CCl,.

In MeOH.

2 o T o

of 6-amino derivatives ofpara- and ananaphtha- in introduction of phenylamino group into the naph-
cenequinones. Weotind that heating of 6-amino- thacene core, and initial compoundisand Il were
5,12-naphthacenequinondsV in aniline in the quantitatively recovered from the reaction mixture.
presence of metal salts results in replacement gdmong the examined salts, manganese acetate showed
hydrogen in theperi-position with respect to the the highest activity in the direct phenylamination of
carbonyl group by phenylamino group with formationnaphthacenequinondsand Il (Table 2). Metal salts
of the corresponding 11-phenylamino derivativéls promote not only phenylamination gfaminonaph-
and VIl (Scheme 1). The structure of produd® thacenequinonel) but also its transamination, as
and VIl was proved by independent synthesis andollows from the presence in the reaction mixture of
spectral data. The melting points and IR and electros-phenylamino-5,12-naphthacenequinohé. (In addi-
spectral parameters d¢l and VII, as well as of tion, the transformation of 6-amino-5,12-naphthacene-
previously unknown naphthacenequinotiésandlV,  quinone () into phenylamino derivativ¥/I is accom-
are given in Table 1. panied by formation of 6,11-bis(phenylamino)naph-
Preliminarily, we have found that prohged thacenequinon&Il whose yield attains-13% in the
heating of p-aminonaphthacenequinonésand Il in  presence of cobalt nitrate. The yield @fl decreases
aniline in the absence of metal salt does not resutbo 1.5% when the reaction is carried out in the
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Table 2. Direct phenylamination of 6-aminonaphthacenequinone derivativds VIII , and IX

Initial Reaction conditions Yield, %
compound
no. metal salt reaction time, h | Il i VvV VI VI
[ - 6.0 97
CO(NG;),-6H,0 2.5 3 15 12
7.0 15 16
Cu(OAc)- H,0O 7.0 51 36
Mn(OAc), - 4H,0 6.5 22 63 1
Il - 6.5 98
Co(NG;),-6H,0 4.5 31 27
Mn(OAc),-4H,0 6.5 57 29
6.5 29 54
i - 6.5 3 51 36 3
Mn(OAc), - 4H,0 7.0 9 4 35 34
v - 15 95
Mn(OAc), - 4H,0 15 84 9
\% - 7.0 94 0.9
Mn(OAc),-4H,0 7.0 32 10
VI IX X XI
VI - 0.5 44 35 4 1
55 Traces 21 60
Mn(OAc), - 4H,0 0.5 4 59 6
IX - 15 83 8
Mn(OAc),-4H,0 15 4 88
1.8 32 54
Cu(OAc)-H,O 1.5 2 73
Zn(OAc), - 2H,0 1.5 51 10

& With bubbling of air over a period of 2 h.
® Metal salt-to-substrate ratio 0.1:1 (mol/mol).
¢ 6-Hydroxy-5,12-naphthacenequinone, 13%, was also isolated.

presence of manganese acetate, and it is not formeere 6-amino-11-phenylamino-5,12-naphthacene-
at all in the reaction with copper acetate. Presumabhguinone ¥1) and 6,11-bis(phenylamino)-5,12-naph-
bis(phenylamino) derivativeVll arises from trans- thacenequinoneéVl) at a ratio of 1:1. The formation
amination of 6-amino-11-phenylamino-5,12-naphthaef compoundVvl may be explained by dealkylation of
cenequinone \(1), which is likely to be favored by the butylamino group inll and subsequent amination
the presence of cobalt nitrate in the reaction mediunof 6-aminonaphthacenke The dealkylation process is
By special experiments we showed that cobalt nitratéavored by the presence of manganese acetate. This
promotes the transformation of compouvitlinto bis-  follows from the fact that 6-aminonaphthacenequinone
(phenylamino)naphthacenequinowd in 18% yield. | is formed in 5% yield by heating 6-butylaminonaph-
Probably, naphthacenequinorte (which is present thacenequinonél in boiling aniline in the absence of
in the reaction mixture) is also converted into bis-manganese acetate. An alternative way of formation of
(phenylamino) derivativeVil . naphthacenequinonél should be noted. It involves
Treatment of 6-butylamino-5,12-naphthaceneaddition of phenylamino group at'€ of 6-butyl-
quinone (Il ) with aniline in the presence of manga- aminonaphthacenequinornk , followed by dealkyla-
nese acetate gave only traces of the direct phenytion. The second product, 6,11-bis(phenylamino)-5,12-
amination product (TLC), whereas the major product®maphthacenequinon&/i| ) could appear as a result of
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Scheme 2.
0 0 0
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Xa, R = NH,; Xla, R = NHPh.

transamination of 6-butylaminonaphthacenequinona complete conversion ofX into 6,12-bis(phenyl-
1l and subsequent replacement of hydrogen bgmino)-5,11-naphthacenequinoréd ). Direct phenyl-
phenylamino group in 6-phenylamino-5,12-naphthaamination productsX and XI were formed in high
cenequinonel(). The ability of 6-butylaminonaphtha- yield and at a higher rate (as compared to the corre-
cenequinondll to undergo transamination is likely spondingpara analogsl and Il) when anaamino-
to be responsible for its transformation irtg which  naphthacenequinoneglll and IX were treated with
occurs in 50% vyield by the action of aniline even inaniline in the presence of manganese acetate. Like-
the absence of manganese acetate. wise, anaphenylaminonaphthacenequinadixe readily

6-Morpholino-5,12-naphthacenequinon¥ Y failed reacts with aniline in the presence of copper acetate,
to react with aniline to give hydrogen replacement®ut the yield of the product is smaller. Zinc acetate
product. Heating ofV in boiling aniline for a short turned out to be ineffective in the phenylamination of

time both in the presence and in the absence df- The ield of target produckl was poor, and the

manganese acetate resulted in transamination afjocess was accompanied by formation of 6-hydroxy-

formation of 6-phenylaminonaphthacenequinonén  naphthacenequinone vilydrolysis of anaphenyl-
high yield aminonaphthacenequinon .

. , : Reduction of the amount of manganese acetate
The reaction of 6-acety|ammonaphthacenequmonﬁfom 2 mol to 0.1 mol leads to insignificant decrease

V with aniline and manganese acetate gave 10% s . ; e
: : ) the yield of productXl in the phenylamination
6-amino-11-phenylaminonaplatenequinonevl ‘as o o3 hhenyiaminonaphthacenegone 1X, while

a result of direct phenylamination and hydrolysis Ofin the reaction withpara-phenylamino derivativdl

Hicrease in the yield of produ#tll is observed. These
data suggest some difference in the mechanisms of
direct phenylamination ofpara- and anaphenyl-
aminonaphthacenequinonék and I1X.

acetate less than 1% dfl was obtained, and un-
changed initial compoun® was recovered from the
mixture in high vyield.

Unlike para isomersl andll, anaaminonaphtha-
cenequinoned/Illl and IX react with aniline in the Scheme 3.
absence of metal salts to afford®6 of 6-amino-12-
phenylamino-5,12-naphthacenequinoné) (and ¢  NHPh HO  NPh
6,12-bis(phenylamino)-5,12-naphthacenequinoXeé) (
(Scheme 2). However, the predominant process is O‘O _— O‘O
transamination oiVIIl , which leads to formation of
6-phenylamino-5,11-naphthacenequinoh€)(in 40% HN O HN O
yield. Further heating of the reaction mixture results XII XIla
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6-Phenylamino-5,11-naphthacenequinom€) ([9] chloric acid, and the precipitate was filtered off,
and 4-amino-9-phenylamino-1,10-anthraquinoXd J  washed with water, dried, and subjected to column
[10] are capable of undergoing tautomeric transformaehromatography on aluminum oxide (Brockman
tions via proton migration between the phenylaminaactivity grade 1) using chloroform as eluent. The
group and carbonyl oxygen atom in tperi position major fraction (crimson) was evaporated, and the
(Scheme 3). By contrastanaaminonaphthacene- residue was recrystallized from benzehexane.
quinonesX andX| are incapable of prototropic trans- Yield 0.195 g (85%), dark red crystals.
formations, as follows from their spectral data: The 6-Morpholino-5,12-naphthacenequinone (IV)
spectral curves of compounasandXI do not change a5 synthesized in a similar way, but the reaction

their shape on variation of the solvent polarity. INjne was 10 min. Recrystallization from chloroform

going from a less polar solvent to more polar_, COMhexane gave compound in 89% yield; brownish
poundX and, to a greater exterana-diphenylamino- yellow crystals

naphthacenequinonXl exhibit a negative solvato- . :
chromism, i.e., the long-wave absorption maxima of ©-Acetylamino-5,12-naphthacenequinone (V)

X and XI shift to shorter wavelengths, and their V&S synthesized by acylation of 6-amino-5,12-naph-
intensity decreases (Table 1). This means [11] that tHE@acenequinonel X with acetic anhydride, following
ground state of moleculeX and XI is more polar the proced_ure described in [4] for preparation of
than the excited state; therefore, it is described bettér-acetylamino-11-phwoxy-5,12-naphthacenequinone.
by dipolar structuresXa and Xla (Scheme 2). The MP 256-251°C (from benzene); published data [13]:
predominant contribution of dipolar structures isMP 249 and 254C (from benzene).
likely to result from the lower energy of thpara- 6-Amino-11-phenylamino-5,12-naphthacene-
guinonimine structure relative tanaquinoid. guinone (VI) (independent synthe¥isA mixture of
Thus, direct phenylamination promoted by metal0-044 g of 6-amino-11-phenoxy-5,12-naphtbne-
salts can be effected with 6-amino- and 6-phenylguinone [4] and 5 ml of aniline was refluxed for 0.5 h.
aminonaphthacenequinones having bgihra- and It was then cooled and poured into 10% hydrochloric
ana-quinoid structure. This reaction can be used agcid, and the precipitate was filtered off, washed with
a method for introduction of phenylamino group intowater, dried, and subjected to chromatography on
the peri-position with respect to the carbonyl groupporous quartz (56150 pm) using chloroform as
of 6-amino- and 6-phenylaminonaphthacenequinoneluent. The major fraction (violet) was evaporated,
derivatives. and the residue was recrystallized from chloroferm
hexane. Yield 0.042 g (95%), dark violet needles with
EXPERIMENTAL a greenish tinge. The electron absorption and IR
spectra, melting point, an& value coincided with
The electron absorption spectra were measured dghose found for comound VI obtained by direct
a Specord M-40 spectrophotometer. The IR spectrphenylamination of naphthacenequinon@. (
were obtained on a Specord M-80 spectrometer in 6-Amino-12-phenylamino-5,11-naphthacene-
KBr. The meltlng points were determined with the aidquinone (X) (independent SyntheﬁsCompoundX
of a PTP device (TU 25-11-1144-76). was synthesized from 6-amino-12-(4-ethylphenoxy)-
6-Amino-5,12-naphthacenequinong), (6-phenyl-  5,11-naphthacenequinone which was obtained by acid-
amino-5,12-naphthacenequinonB )([1], 6-amino- catalyzed isomerization of the corresponfiqmra
5,11-naphthacenequinon€l(l ) [12], 6-phenylamino- isomer prepared by the procedure reported in [14].
5,11-naphthacenequine (X) [3], and 6,11-bis- A mixture of 0.3 g of 6-amino-12-(4-ethylphenoxy)-
(phenylamino)-5,12- and 6,12-bis(phenylamino)-5,115,11-naphthaceneguéne, 50 ml of aniline, and
naphthacenequinon&4dl andXIl [5] were synthesized 250 ml of ethanol was refluxed for 2 h. The solvent
and purified by known mdéiods. Their properties was distilled off under reduced pressure, and the
were consistent with published data. Cobalt, mangaesidue was subjected to chromatography on silica gel
nese, copper, and zinc salts (crystaidrates) of (40-100 um) using chloroform as eluent. The major
pure or analytical grade were used without additionafraction (dark violet) was evaporated, and the residue
purification. was recrystallized first from benzene and then from
6-Butylamino-5,12-naphthacenequinone (Ill). ethanol. Yield 0.25 g (90%). Found, %: C 79.57;
A mixture of 0.207 g of 6-chloro-5,12-naphthaceneH 4.54; N 7.60. G,H,zN,O,. Calculated, %: C 79.10;
quinone and 7 ml of butylamine was refluxed forH 4.43; N 7.69. The electron absorption and IR spe-
1.5 h. It was then cooled and poured into 10% hydroetra, melting point, andR value coincided with those
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found for compoundX obtained by direct phenyl- 2.

amination of aminonaphthacenequinonélii).

Direct phenylamination of 6-aminonaphthacene- 3.

quinone derivatives V, VIII, and IX ( general

procedurg. A mixture of 10* mol of compound -V, 4.

VIl , or IX, 2x10* mol of appropriate metal salt

hydrate, and aniline was refluxed under continuous
stirring. It was then cooled and poured into 10%
hydrochloric acid, and the precipitate was filtered off,
washed with water, dried, and subjected to chromatog-
raphy on porous quartz (5050 um) using chloroform

as eluent. Fractions containing the phenylamination

products were collected and evaporated. Each product -

was additionally purified by chromatography on silica
gel (46-100 um) using benzene as eluent. The solvent
was distilled off from the eluate, the residue was

dissolved in chloroform, the solution was filtered 8.

from mechanical impurities through a folded filter,
the filtrate was transferred to a porcelain evaporating

dish and was evaporated on a water bath, and thep,

residue was dried at 995°C and weighed. The yield
of each reaction product was calculated from the
results of 23 parallel runs (Table 2).

Reaction of 6-amino-11-phenylamino-5,12-naph- 10.

thacenequinone (VI) with aniline in the presence of
cobalt nitrate. The reaction was carried out following 11

the above procedure. The mixture was refluxed for
6 h. By chromatographic treatment we isolated 18% 012

6,11-bis(phenylamino)-5,12-naphthacenequindfié)(
and 44% of unreacted initial compound! .

13.
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